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Unfertilized eggs of Arbacia punctulata, aged in sea water, mani- 
fested changes which indicated increasing water intake.  These were 
progressive enlargement in sea water (Goldforb  (1)), increased swel- 
ling and bursting rates in hypotonic sea water of the same osmotic 
pressure, temperature, and pH.  1  Weber (2) noted that the plasmoly- 
sis rate of Spirogyra and of Ranunculus guard cells changed with age. 
Mestscherskaya (3) also observed that penetrability of dyes and acid 
in the oocytes of Blatta changed with age.  The present study with 
aging Arbacia eggs demonstrates a  progressive and marked increase 
in permeability to water. 
Procedure 
The  experiments  were  performed  at  the  Marine  Biological Laboratory  at 
Woods Hole with the assistance of Victor Schechter in 1930,  and of Milton Lan- 
downe in 1931 and 1932.  The Arbacia were received directly from the collecting 
boat.  The eggs of each female, if in good condition, were separately strained and 
washed in  200  cc.  sea water.  Aliquot samples were placed in flat bowls, each 
with 150 cc. sea water.  The sea water was changed twice daily.  Sea water was 
collected near high tide, filtered, and stored before using.  The pH was 8.3.  The 
temperature in the bowls ranged from 16.8--22.4°C.,  but varied within 2  ° during 
an experiment. 
Permeability rate was determined by the method of Luck6 and McCutcheon 
(4-10).  A  dish containing 15  cc. 60 per cent sea water was placed in an outer 
dish.  Ice water was added to  the latter to  maintain a  temperature of 21  °  or 
21.5°C., with a  variation within 0.4  °, frequently within 0.2  °.  A  0.1  cc. sample 
of eggs was transferred to the inner dish, quickly and thoroughly stirred.  The 
diameters of two or three adjoining spherical eggs were measured each minute 
for 5  to  7 minutes.  Measurements were made with water immersion objective 
l To be reported later. 
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and ocular micrometer, magnification  660 x,  or, with a dry objective and filar 
micrometer, 260 x.  Measurements were consistent within 0.4~.  The probable 
error was  -v0.11~. 
This procedure was repeated until about twenty eggs were measured at each 
age.  The average size each minute was plotted, the curve drawn, and the slope 
determined by the tangent at the 3rd minute.  The permeability rate or K  -- 
a~l~t  .... 
--  , in wnlcn 
s(P-P=) 
dv 
-  --- rate of change in volume or rate of water intake; 
dt 
S  =  surface area; 
P  =  osmotic pressure of interior of cell; 
P,~  =  osmotic pressure of the solution. 
The permeability rate measures  the amount of water in ~s, passing  through 
unit surface (/~2) per minute, at unit osmotic pressure difference, at 21°C., pH 8.3. 
The condition of the eggs at successive ages was ascertained by the per cent 
cleaving  after insemination with freshly prepared 1 per cent suspension  of fresh 
dry sperm. 
Increased Swelling with Age 
Before calculating the permeability rates, it was noted that swelling 
increased with age.  Experiment E, Table I, illustrates this phenom- 
enon.  Fourteen to twenty-one eggs were measured in 60 per cent sea 
water at each age; v/z., 1½, 5, 9,  24,  32,  and 47 hours after shedding. 
The average size at  the  end  of 5  minutes,  or  Vs,  increased with  age 
from  276,200  to  289,300#?  The increase  was  13,100V  ~ or  4.7  per 
cent.  But  Vs  is  not  an  accurate  index  of  swelling.  For  it  was 
demonstrated (Goldforb (1)) that  Vo, i.e. initial size,  is  not  constant, 
but undergoes a  cyclical change with age.  Vs-Vo is therefore a more 
accurate  index  of  swelling.  This  VrVo  increased  with  age  from 
67,900 to 76,200/~3; i.e., 8,300#  3 or 12.2 per cent (Table I). 
The rate of swelling correspondingly increased with age; i.e.,  from 
13,600 to 15,200#  3 per minute (Table I). 
Repeated  experiments  gave  similar  results.  Under  the  same  ex- 
ternal conditions, the amount and rate of swelling increased with age. 
Variation  in Permeability Rates  of Freshly Shed Eggs from  Different 
Females 
The permeability rates were calculated for freshly shed eggs from 
each of nine females.  These rates varied from 0.078  to 0.124,  with A.  J.  GOLDFORB  151 
an average of 0.106  :t:  0.0034.  This variation is  somewhat greater 
than  recorded by Luck6  and  McCutcheon  (4-10)  for Arbacia  eggs 
under similar conditions. 
This variation may not be attributed to differences in physiologic 
condition, for the eggs ranged from 98 to 100 per cent normal cleavage, 
and  differences were  not  correlated  with  permeability.  Nor  was 
variation  in  permeability  correlated  with  age.  The  data  suggest, 
however,  that  permeability  may  be  highly  correlated  with  initial 
average size of the eggs.  The smallest averages ranged from 177,700 
to  187,500# 3.  It is precisely these eggs that had the lowest permea- 
TABLE I 
Experiment E Shows Increasing A mount and Rate of Swelling with Age 
Eggs from one female measured in 60 per cent sea water, pH 8.3,  21.5°C., for 
$ minutes at each age. 
Age 
hr$° 
1½ 
5 
9 
24 
32 
47 
Increased  swelling.. 
[ncreased percentage. 
Vo X  lOOuS 
2083 
2073 
2140 
2143 
2144 
2126 
V6 X  100~s 
2762 
2774 
2840 
2885 
2893 
2888 
13100 
4.7 
Amount of 
swelling 
V6 -  Vo X 
lO0~a 
679 
701 
700 
742 
749 
762 
8300 
12.2 
Rate of 
swelling 
X  100t~= 
136 
140 
140 
148 
150 
152 
No. of eggs 
16 
15 
19 
21 
18 
14 
Cleavage 
100 
99 
97 
86 
74 
27 
bility  rates;  viz.,  0.078  to  0.094.  The  largest  average  sizes  were 
200,300  and 208,300# 3.  These eggs had the highest rates; v/z.,  0.123 
and  0.124.  Eggs  of intermediate  average  sizes  had  intermediate 
permeability rates.  There were, however, two apparent exceptions. 
Increasing Permeability with Age 
Whatever the initial permeability rate, it increased with age.  Fig. 
1 illustrates this increase.  One female was selected whose eggs were 
in  good  physiologic  condition.  Fifteen  to  twenty-one  eggs  were 
measured in 60 per cent sea water at 21°C., at each age; viz., 1, 3, 6, 9, 152  INCREASED  PERMa~ABILITY  TO WATER  OF ARBACIA  EGGS 
12,  19,  22,  25,  28,  34,  and  37  hours  after  shedding.  Permeability 
rates  (indicated  by  -]-  in  Fig.  1)  increased  with  age  from 0.089  to 
0.134,  or 51 per cent. 
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FIG.  1.  Experiment  P.  Permeability increased  with  age  at  approximately 
constant rate.  Increasing permeability is not correlated with degree of injury. 
Fifteen to twenty-one, average eighteen eggs measured each age in 60 per cent 
sea water at 21°C.  Maximum extrapolated Vo at each age.  Permeability deter- 
mined by the graphic method of Luck~, rates on left side of Fig.  1. 
+  =  approved permeability rates, believed most accurate; *  =  other possible 
rates;  A  --  averaged  rates;  ×  =  percentage  increase  in  permeability;  o  = 
percentage injury; i.e.,  decreased cleavage;  $  ffi  permeability rates as deter- 
mined by integration of Northrop's equation, on right side of Fig.  1. 
All  factors  in  the  permeability equation  may be  determined  with 
considerable accuracy, except the initial size of the eggs, or 1/'o.  This 
Vo is obtained  by  extrapolation.  But  it  was frequently  possible  to 
draw the  curve to different  Vo's,  and  the  resulting permeability rate A.  J.  GOLD,  ORB  153 
may be correspondingly altered.  In Fig. 1, the  Vo, selected for each 
age, was the maximum permitted by the curve.  This maximum was 
essentially the same as the average size of fifty control eggs of the same 
age.  The permeability rates, based on these Vo's, are believed to be 
as accurate as the method permits.  Such permeabilities are termed 
approved rates indicated by +.  When, however, the curve of swell- 
ing was redrawn to other possible Vo's and the permeability rates re- 
calculated, other possible permeability rates were obtained.  These 
are indicated by dots.  They differed from the  approved  rates  by 
0.0015 to 0.007 units.  At latest ages the variation was greater.  Fig. 
1 also includes the average rates, at each age, represented by the sym- 
bol A. 
The approved rates increased with age from 0.089  to 0.134.  The 
other possible rates gave almost parallel increases; viz., from 0.088 to 
0.141.  The averages increased the same as the approved rates; viz., 
0.088  to  0.135.  The  range of rates,  each  age,  increased  similarly; 
i.e., from 0.088 to 0.089 when 1 hour old, to 0.131  and 0.141  when 37 
hours old.  There can be no doubt that in this experiment, under the 
given conditions, there was a  significant increase in permeability as 
the eggs aged. 
Progressive Series of Small Increments.--From  Fig.  1 it is evident 
that permeability did not remain at the same initial rate during early 
and intermediate ages; that it did not increase by a steep bend of the 
curve at late ages only.  The data may be interpreted as an increase 
in four major steps, ~/,. an initial permeability about 0.090  (between 
1 and 3 hours), a second level about 0.100 (between 6 and 12 hours), a 
third level at 0.119 (between 19 and 34 hours), and a fourth level 0.134 
(at 37 hours).  These four steps are not only quite arbitrary, but it 
is difficult to conceive of factors that might give rise to four such in- 
crements at these ages.  In our other studies of size, viscosity, swell- 
ing,  bursting, and oxidation of aging eggs, there is no indication of 
successive waves of change. 
The alternative interpretation is that permeability increased in  a 
linear series of many small increments. In support of this interpretation 
are the following: A line may be drawn through, or reasonably close to, 
successive permeabilities.  This line is shown in Fig. 1.  The rate of 
increase is very slow; viz., 0.0012 units per hour.  The possible permea- 154  INCREASED  PERMEABILITY  TO  WATER  OF  ARBACIA  EGGS 
bilities, at a given age, may vary between 0.0015 and 0.007 units (more 
at latest ages).  Hence it is not possible to demonstrate an increase 
during  short  intervals.  One must  either examine longer intervals, 
i.e. at least 6 hours apart, or note the trend of the whole curve.  Suc- 
cessive intervals  6  or more hours  apart  show not  only progressive 
increases, but these increases are approximately equal (except between 
22  and  28  hours).  Similar results are obtained whether approved, 
average, or range of permeabilities are used as a basis of comparison. 
While the results especially at late ages are somewhat irregular, it is 
believed that the line closely approximates the actual increase; viz., 
by a linear series of small increments. 
The data were recalculated by integration of Northrop's equation. 
The resultant values are represented in Fig. i by the symbol ~.  The 
permeability rates increased with age from 0.00336 to 0.00480.  This 
is  an increase of 42.4  per cent.  The resultant  curve like  that  ob- 
tained by the graphic method of Luck~ and  McCutcheon shows  a 
linear  series  of small  approximately equal increments during early 
and intermediate ages.  During late ages the increases are greater. 
Is  Increased  Permeability  Correlated with Degree of Injury?--To 
determine such correlation, permeabilifies are represented in the lower 
part  of Fig.  1  as percentage increase.  Injury is  indicated by per- 
centage decrease in cleavage.  It will be observed that the total change 
in injury and in permeability was the same; vi~., 50 per cent.  The 
curves,  however,  are  quite  different.  Permeability  increased  at 
essentially a constant rate throughout the experiment; injury, on the 
other hand, increased at differential rates. 
During the first 9  hours cleavage was regular and the percentage 
decreased only 2 per cent.  This is probably not significant.  Permea- 
bility increased 12 per cent.  Permeability therefore increased when 
there was little or no injury. 
Between 9  and 28 hours, there was progressive injury.  Cleavage 
decreased from 2 to 11 per cent.  After 22 hours eggs cleaved irregu- 
larly.  Permeability increased 26 per cent.  But this increase was at 
the same rate as during the first 9 hours. 
Between 28 and 37 hours the eggs deteriorated very rapidly.  Cleav- 
age decreased 38 per cent (i.e., from 11 to 49 per cent).  Cleavage was 
more  and  more  irregular.  Yet  permeability increased  during  this A.  J.  GOLD?ORB  155 
rapid deterioration at approximately the same rate as during all pre- 
ceding ages. 
The  increase in permeability  therefore is not  commensurate  with 
the  degree of injury.  It  increased  at  approximately  constant  rate, 
when injury was nil, moderate, or extensive. 
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Fxm  2.  Experiment  L.  Permeability  increased at approximately  same rate 
during  early  and  intermediate  ages,  accelerated  rates  during  late  ages.  No 
correlation with  degree of injury.  Thirteen  to eighteen, average sixteen eggs 
measured each age in 60 per cent sea water at 20  °.  Maximum extrapolated  Vo's 
approximated control size each age.  Symbols same as in Fig. 1. 
Experiment L 
The  experiment was repeated with similar results.  Measurements 
began earlier (/.e., ½ hour) and extended over a longer time  (60 hours). 
Thirteen  to eighteen  (average sixteen)  eggs were measured each age. 
The results are given in Fig. 2.  They may be summarized as follows: 
Permeability increased with age from 0.078 to 0.129, or 62 per cent. 
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of maximum Vo's, which corresponded closely to the size of fifty con- 
trol eggs at each age.  The other possible permeabilities are repre- 
sented by dots.  Parallel increases occurred whether approved, aver- 
age, or range of permeabilities were used as criteria of change. 
The increase possibly occurred in four major steps; i.e., from 0.085 
to  0.096,  0.104,  0.112,  and  0.126.  But  for  reasons  discussed  in 
Experiment P, it is much more probable that it occurred in a  linear 
series of many small and approximately equal increments represented 
by the uppermost line.  This line passes through or reasonably close 
to the approved or average permeabilities.  The rate of increase was 
slower than in any of the other eight experiments; viz.,  0.0008 units 
per hour.  Therefore intervals at least 9  hours apart  are necessary 
to demonstrate an increase.  At successive 9 hour intervals, permea- 
bility increased at approximately equal rates during early and inter- 
mediate ages, and faster during latest ages.  It is therefore believed 
that permeability increased, as in Experiment P, by a linear series of 
small nearly equal increments, and  that  the increase began at  the 
earliest age. 
Permeability was not directly correlated with degree of injury.  It 
increased during the first 7  to  9  hours with little or no injury.  It 
increased at the same rate, between 9 and 47 hours, while eggs were 
deteriorating  rapidly.  It  increased  faster  during  the exceedingly 
rapid and intense deterioration; i.e., between 47 to 60 hours. 
The results in these two experiments are in close agreement. 
Initial Sine Factor 
Various methods were used in determining the initial size, or  Vo. 
Since control eggs swelled to 5.7 per cent during the first 25 hours and 
shrank thereafter to 9.7 per cent (Goldforb (1)) it was assumed that 
in  the  permeability  experiments also,  the  control  eggs  changed in 
size in a similar cyclical manner, within approximately the same limits, 
in  the  same  time.  When  several  Vo's were possible  that  one was 
selected  which  conformed  to  this  cyclical  trend.  Permeabilities 
were calculated on this basis, in four experiments; namely, D, E, P~, 
and P3. 
In two experiments, vin.  D  and I, all the approved successive Vo's 
were averaged, and the permeabilities recalculated on the basis of this 
constant average Vo.  This method gave irregular increments. A.  J.  GOLD,ORB  157 
In  three  experiments, viz.,  H,  I,  and  K,  fifty control eggs were 
measured at each age immediately after the experimental eggs.  Such 
Vo was  chosen as  closely approximated the  corresponding average 
size of control eggs of the same age. 
In Experiment L  the maximum Vo, permitted by the curve, was 
selected.  These  maxima  closely  approximated  the  corresponding 
control size (of fifty eggs) at each age. 
In two experiments, P  and L, the minimal Vo's were selected each 
age, but because the curves were almost tangent to the zero ordinate 
and because the Vo's  were so much smaller than the control sizes, the 
resulting permeabilities were discarded. 
Whatever method was used the resulting permeabilities increased 
with age in every experiment.  When calculated by different methods 
(except by  constant average  Vo), not only was  the total  increase 
very similar, but also the increments at successive ages..The results in 
the nine experiments are in reasonably close agreement.  It is there- 
fore believed that the values approximate very closely the actual in- 
creases in permeability with age. 
Summary of Seven Other Experiments 
Seven earlier experiments were performed under similar conditions. 
Their duration varied from 24 to 60 hours.  Permeability increased 
with age in all of them.  The increases (including Experiments P and 
L), ranged from 29 per cent (in 32 hours, Experiment E) to 69 per cent 
(in 44 hours, Experiment I  (Figs. 1 to 8)). 
In Experiment E, the approved permeability rates increased with 
age as foUows: 0.124, 0.134, 0.143, 0.155, and  0.158.  The increase 
was 29 per cent in 32 hours.  The curve is slightly convex (Fig. 3.). 
When recalculated by integration of Northrop's  equation a  similar 
progressive increase occurred with age, see uppermost curve.  This 
is also convex at late ages. 
In Experiment H  (Fig. 4) the results are essentially the same as in 
Fig. 3.  The curve is slightly convex.  The increase in 48 hours was 
40 per cent. 
Experiment D  (Fig.  5)  was our first experiment.  Permeabilities 
were based upon extrapolated and upon an  averaged constant  Vo. 
The permeabilities by the latter method, represented by the symbol C 158  INCREASED  PERMEABILITY  TO  WATER  OF  ARBACIA  EGGS 
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FIG. 3.  Experiment  E.  Fifteen  to  twenty-one,  average  eighteen  eggs  each 
age, in 60 per cent sea water at 21°C.  Extrapolated cyclical Vo's. 
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FzG. 4.  Experiment  H.  Ten to  fifteen,  average  thirteen  eggs each  age, in 
60 per cent sea water at 21°C.  Vo's  approximated control sizes. A.  J.  GOLDFORB  159 
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FIG. 5. Experiment D.  Twelve to fourteen eggs each age, in 50 per cent sea 
water at 21 °.  Permeability calculated with extrapolated  Vo's and  recalculated 
with averaged Vo's.  Latter permeabilities are represented by E. 
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FIG. 6. Experiment I.  Six to twelve, average ten eggs each age, in 60 per cent 
sea water at 21 °.  Extrapolated Vo's approximated control sizes.  Permeabilities 
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gave irregular increments.  The curve of approved values is slightly 
convex.  The increase in 54 hours was 40 per cent. 
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FIG.  7.  Experiment K.  Six to fourteen, average twelve eggs each age,  in 
80 per cent sea water at 21  °.  Extrapolated Vo's  approximated control sizes. 
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FIG. 8. Experiments P~ and P,.  Seven to twelve, average ten eggs each age, 
in 60 per cent sea water at 21  °.  Extrapolated V.'s approximated control sizes. 
Permeability rates in Experiment Ps represented by q), in P3 by -[-. 
In  Experiment  I  (Fig.  6)  the  approved  permeability  rates  were 
O.094, 0.114, 0.126, 0.129, and O.158 respectively.  The increase began A. j.  OOLDFORB  161 
at  the  earliest  ages  and  continued essentially  at  a  constant  rate 
throughout the experiment.  The increase  in 44 hours was  69  per 
cent.  The permeability rates recalculated by the method of a  con- 
stant average Vo gave irregular increments.  Recalculated by North- 
rop's equation the permeability rate increased from 0.00392 to 0.00539 
or 37.5 per cent. 
In Experiment K (Fig. 7) the permeability curve is slightly concave. 
The increase in 30 hours was 46 per cent. 
In Experiments P2 and P8 permeability was determined at a  few 
ages only (Fig. 8).  They suggest linear equal increments. 
These nine experiments gave substantially similar results.  In all 
of them permeability increased with age by a  linear series of small 
increments.  During early and intermediate ages the increases were 
equal or nearly equal.  At late ages the increases were equal in four 
experiments, greater in two experiments, and slightly lower in three 
experiments.  For reasons to be given later it is probable that the ac- 
tual increases were progressively greater at late ages in all experiments. 
Permeability and Injury.--As in Experiment P, increased permeabil- 
ity was not directly correlated with increased injury.  See Figs. 3 and 
6, also Figs. 4 and 5.  During the earliest 6 to 9 hours there was little or 
no detectable injury, yet permeability increased.  During intermediate 
ages there was progressive injury, yet permeability increased at the 
same rate as before injury.  During late ages injury was rapidly ac- 
celerated, permeability also increased at somewhat greater rate. 
Permeability during Late Ages 
Beginning about the 24th hour, eggs deteriorated rapidly.  Cleav- 
age was progressively more irregular,  and greater numbers did not 
cleave.  When uninseminated they may appear normal.  That they 
were injured, however, was shown by atypic swelling during the test. 
These atypic eggs fall into the following groups: 
1.  Some eggs swelled distinctly faster than any of the other eggs 
of the same sample, and cytolyzed during the test; i.e.,  during the 
first 5 minutes. 
2.  Other eggs also swelled much faster but for 2 to 3 minutes only. 
They ceased swelling by the 4th or 5th minute.  No swelling occurred 
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3.  Some eggs  either  did not  swell  at  all or  swelled before  they 
could be measured; i.e.,  before the first half minute. 
4.  Some eggs ejected a  small pellicle of protoplasm, 1.5  to  3.75# 
diameter.  About 2 minutes thereafter the egg, except for the pellicle, 
appeared normal in  shape and color.  Swelling  during  and  imme- 
diately after pellicle formation was atypic. 
The numbers of these atypic eggs increased during late ages.  Their 
permeability rates were evidently greater than the other eggs from the 
same sample.  But accurate determination of their rates was exceed- 
ingly difficult.  Hence they were excluded.  The rates for the remain- 
ing  eggs  therefore  undervalue  the  actual  average  permeability  rates,  at 
late ages. 
Increased Permeability and Injury 
Injury  by  heat  (4-6,  9), hydrogen ion  concentration  (6,  14-16), 
anesthetics (17), or other means (18-22) markedly increased permea- 
bility.  To determine whether, in our experiments, injury was induced 
by  the  experimental procedure,  eggs  were  subjected  at  successive 
ages to 60 per cent and then to 100 per cent sea water for 7 minutes 
each  at  22°C.  Fifty  control  and  fifty  deswelled  eggs  were  then 
measured,  others  inseminated.  The  deswelled  eggs  were  approxi- 
mately the  same size  (2  per  cent larger)  than  the  controls.  This 
slightly larger size of deswelled eggs is in accord with the findings of 
Luck6 and McCutcheon (4, 5) for freshly shed eggs.  It is uncertain 
whether this indicates injury.  The percentage and regularity of cleav- 
age was the same for the deswelled and for the corresponding control 
eggs until about the 20th hour.  After about 24 hours the deswel.led 
eggs manifested injury which increased with age.  Fewer eggs  cleaved 
and were decidedly more irregular than the corresponding controls. 
In 80 per cent sea water injury was postponed to about the 28th hour. 
It is probable, therefore, that the experimental conditions induced no 
injury prior to the 24th hour.  Injury was induced, however, after 
this age. 
Aging in sea water at 21°C. gave rise to no injury between 0 and 9 
hours.  Injury was evidenced between ca.  9  and 23  hours.  It  in- 
creased with further aging.  After ca.  24 hours injury increased at A.  J.  GOLDFORB  163 
very rapid rates, and the eggs were increasingly susceptible to injury 
by the experimental procedure. 
Permeability also increased,  But the curves of permeability and 
of injury were not parallel.  Permeability increased during early and 
intermediate ages  by  approximately equal increments, whereas the 
injury curve showed no change during early ages and progressively 
larger increments during intermediate ages.  At late ages the faster 
swelling atypic eggs were excluded.  The actual rates, therefore, were 
greater during late ages, than shown in Figs. 1 to 7.  If these atypic 
eggs could have been included the curves of permeability would all be 
concave.  In other words, extensive injury at late ages was accom- 
panied  by  correspondingly  increased  permeabilities.  But  during 
early and intermediate ages (i.e.,  before atypic eggs appear) the per- 
meability increased apparently independently of the degree of injury. 
It may be noted that swelling rate, in a given hypotonic sea water, 
increased markedly with age, and that this increase was even more 
clearly independent of the degree of injury/ 
Northrop (23) has  urged that  the  graphic method of Luck6 and 
McCutcheon for determining permeability is not satisfactory,  for it 
depends too much on the swelling rate at a selected time (i.e.,  the third 
minute).  He believes that integrating the following equation is more 
accurate; ~., 
Luck~, Hartline, and McCutcheon (4, 7, 12), however, compared the 
results obtained by the two methods and found them quite similar. 
We also recalculated the data in three experiments by the two methods. 
In all three experiments both methods gave a  progressive series of 
small essentially equal increments during early and intermediate ages. 
During late ages the increases were greater in Figs. I and 4, and slightly 
less in Fig. 3.  The two curves of permeability in each experiment were 
essentially parallel during early and intermediate ages in Figs. 1 and 
3.  In Fig. 4 the method of Northrop gave a more concave curve. 
It is therefore concluded (1)  that permeability to water increased 
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with age by a linear series of small increments, essentially equal during 
early and intermediate ages, progressively greater during late  ages, 
(2) that the values given above are essentially correct.  It is not im- 
probable that permeability of all  cells increases with age.  It is  ex- 
tremely significant that increased water intake with age also occurs in 
inorganic and organic hydrophyllic colloids (Dhar (24)). 
Later studies will discuss the consequences of this increasing permea- 
bility of aging eggs. 
CONCLUSIONS 
1.  Unfertilized Arbacia eggs, subjected to 50, 60, or 80 per cent sea 
water, at the same temperature, pH, and  duration, swelled progres- 
sively faster with age.  Swelling increased 12.2 to 39.6 per cent. 
2.  Permeability to water was calculated by the method of Luck6 
and McCutcheon.  For freshly shed eggs from nine different females, 
permeability varied from 0.078  to 0.124, or 59 per cent.  This varia- 
tion was not due to differences in age nor to physiologic condition but 
was correlated with size of eggs. 
3.  About twenty eggs were tested each age to 60 hours after shed- 
ding.  The permeability rate increased with age in all nine experiments. 
4.  The total increase ranged from 30 to 69 per cent. 
5.  The increase was slow but constant or almost constant during 
early and intermediate ages. 
6.  The increase began at earliest ages. 
7.  An increase may not be demonstrable for any short interval but 
is readily demonstrable for longer intervals (6 or more hours), or, from 
the entire curve. 
8.  Permeability increased faster at late ages.  For special factors 
during late ages see text. 
9.  Injury by experimental procedure was not induced until ca. the 
24th hour.  Injury by aging was not detectable during the first 6 to 
9  hours.  It  increased progressively between 10  and  24 hours,  and 
very rapidly thereafter.  Permeability increased at approximately the 
same rate during early and intermediate ages.  Permeability there- 
fore was not correlated with degree of injury. 
10.  The troublesome factor in the permeability equation was initial 
size,  or  Vo.  Several methods were used to  obtain  this  Vo,  viz.  (a) A.  ].  GOLDFORB  165 
extrapolations  approximating  known  cyclical  change  in  size,  (b) 
extrapolations  approximating  control  sizes,  (c)  constant  or average 
of all  Vo's,  (d) maximum  Vo approximating  control Vo's.  Recalcula- 
tion with these different  Vo's gave approximately  the same permea- 
bilities. 
11.  The  increase  in  permeability  with  age  was  substantially  the 
same whether  "approved,"  or other possible rates  or average  rates 
or range of rates be used as criteria of change. 
12.  When the data were recalculated by integrating the equation of 
Northrop,  the  increases  in  permeability  with  age  were  essentially 
the same as the increases calculated by the graphic  method  of Luck& 
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